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The first method requires a secondary system which is unsym-
metrical in regard to the primary, and thus, since the secondary
is movable, requires means of changing the secondary circuit,
such as commutator brushes short-circuiting secondary coils in
the position of effective torque, and open-circuiting them in the
position of opposing torque.

Thus this method leads to the repulsion motor, which is a
commutator motor also.

With the commutatorless induction motor, or motor with
permanently closed armature circuits, all starting devices con-
sist in establishing an auxiliary magnetic flux in phase with the
secondary currents in time, and in quadrature with the line of
secondary polarization in space. They consist in producing a
component of magnetic flux in quadrature in space with the
primary magnetic flux producing the secondary currents, and
in phase with the latter, that is, in time quadrature with the
primary magnetic flux.

Thus, if

Fp = polarization due to the secondary currents,
<f>a = auxiliary magnetic flux,

6 =? phase displacement in time between 3>a and Qp,
and

r = phase displacement in space between $a and FP,
the torque is

D = Fp$a sinr cos 9.

In general the starting torque, apparent torque efficiency,
etc., of the single-phase induction motor with any of these de-
vices are given in per cent, of the corresponding values of the
same motor with polyphase magnetic flux, that is, with a mag-
netic system consisting of two equal magnetic fluxes in quad-
rature in time and space.

160. The infinite variety of arrangements proposed for start-
ing single-phase induction motors can be grouped into three
classes.

1. Phase-splitting Devices. The primary system is composed
of two or more circuits displaced from each other in position, and
combined with impedances of different inductance factors so as
to produce a phase displacement between them.

When using two motor-circuits, they can either be connected
in series between the single-phase mains, and shunted with
impedances of different inductance'factors, as, for instance, a